Introduction
The isotope 99-Tc is an important fission product of the nuclear industry. In typical reprocessing schemes, the spent fuel is dissolved in nitric acid, where technetium is oxidized to Tc(?7) and separated from the other elements by liquidliquid extraction [1] . During reprocessing activities, due to the highly radioactive nature of the spent fuel, hydrogen peroxide could be formed from the radiolysis of the water in nitric acid [2] . The radiolytic H 2 O 2 may interact with Tc(?7) and produce peroxo complexes. Hydrogen peroxide is also used in several steps of modern versions of PUREX-type reprocessing (i.e., Pu refinement in the presence of vanadate peroxide [3] . Therefore, the understanding of the chemistry of technetium in the presence of H 2 O 2 in acidic solution is important to predict its behavior in the nuclear fuel cycle. In this context, we decided to study the reaction between Tc(?7) and H 2 O 2 in mineral acids. Recently, we analyzed the speciation of technetium in HNO 3 /H 2 O 2 solutions [4] . UV-visible measurements show that for HNO 3 C 7 M and H 2 O 2 = 4.25 M, Tc(?7) reacts immediately and red solutions are obtained. The nature of the red Tc species was investigated by computational methods and results were consistent with the formation of TcO(O 2 ) 2 (H 2 O)(OH). Interestingly, the speciation of technetium peroxo complexes in nitric acid is different from the one in sulfuric acid. In a previous study [5] , technetium peroxo complexes were identified by UV-visible spectroscopy after the reaction of technetium dioxide with H 2 O 2 in 16 M H 2 SO 4 ; the solutions were blue-purple and exhibit spectra different from the one in nitric acid; it was proposed that these species were Tc(?5) and Tc(?6) complexes and contained the Tc(O 2 ) x fragment, but no structural characterization was performed. In the present work, we investigated the reaction between Tc(?7) and H 2 O 2 in sulfuric acid, and investigated the speciation of the technetium complexes by UV-visible and 99-Tc NMR spectroscopy.
Experimental methods

Materials
99-Tc is a weak beta emitter (E max = 292 keV). All manipulations were performed in a radiochemistry laboratory designed for chemical synthesis using efficient HEPA-filtered fume hoods, and following locally approved radioisotope handling and monitoring procedures. The starting material NH 4 TcO 4 was obtained from the Oak Ridge Isotope Office and purified prior uses. Hydrogen peroxide solutions (30 and 50 %) were obtained from Sigma Aldrich and used as received.
UV-visible spectroscopy
UV-visible spectra were recorded at room temperature in a quartz cell (1 cm) on a Cary 6000i double beam spectrometer. Solutions of H 2 SO 4 /H 2 O 2 were used as reference. Technetium stock solutions ([Tc] = 17 mM) were prepared by dissolution of NH 4 TcO 4 in 3, 6, 9, 13 and 18 H 2 SO 4 and used for the spectroscopic measurements.
99-Tc NMR spectroscopy
The 99-Tc NMR spectra of solutions were collected on a JEOL GX-400 spectrometer with 5 mm NMR tubes fitted with Teflon inserts that were purchased from Wilmad 
Results and discussion
Speciation in 3-18 M H 2 SO 4 and H 2 O 2 = 0.17 M Solutions of Tc(?7) (Tc = 0.17 mM) in 3, 6, 9, 13 and 18 H 2 SO 4 were prepared from the stock solutions and 1 mL was added in the 1 cm quartz cell. Then, 10 lL of H 2 O 2 (50 %) was added in the cell with a pipette (i.e., H 2 O 2 = 0.17 M). A blue color was immediately observed for H 2 SO 4 C 9 M while the solutions remained colorless for 3 and 6 M H 2 SO 4 . UV-visible measurements ( Fig. 1) show that the formation of the blue species is accompanied by the appearance of bands in the region 500-800 nm; these bands being more intense in 13 and 18 M than in 9 M H 2 SO 4 . The UV-visible spectra in 9 M H 2 SO 4 exhibit bands at 275, 520 and 610 nm; the spectra in 13 M and 18 M H 2 SO 4 exhibit two bands, respectively, at 520 and 610 nm and at 520 and 650 nm. These results are consistent with the one previously obtained from the reaction TcO 2 with H 2 O 2 in H 2 SO 4 ; it was shown that blue-purple complexes with bands centered at 500 and 650 nm were observed for H 2 SO 4 C 12 M and H 2 O 2 = 0.25 M. In our study in 9 M H 2 SO 4 , the band at 275 nm is consistent with the presence of unreacted TcO 3 (OH)(H 2 O) 2 while this species is not observed in 13 and 18 M H 2 SO 4 [6] .
A shoulder at 340 nm was also observed in the spectra after reaction in 9 and 13 M H 2 SO 4 . In those solutions, the shoulder might be due to the presence of unreacted TcO 3 (OH)(H 2 O) 2 (which exhibits a band at 335 nm). Furthermore, a shift of the band from 610 to 650 nm indicates that the speciation of Tc in 13 and 18 M H 2 SO 4 in the presence of H 2 O 2 is different. Calculations (vide infra) indicate that Tc peroxo complexes with different number of peroxo ligands exhibit different UV-visible spectra; complexes with large number of peroxo ligands have spectra shifted to larger wavelengths.
The blue solutions are unstable and decomposed by release of gas (oxygen). In 18 M H 2 SO 4 , the spectrum after decomposition (Fig. 2) (Fig. 3) , which indicates that the blue species originates from the peroxidation of TcO 3 (OH)(H 2 O) 2 [6] .
The UV-visible spectra of the blue Tc species differs from the one of Re( ?7) [10] . Under the conditions of formation of the blue species (i.e., H 2 SO 4 C 9 M), peroxosulfuric acid should also be present in the solutions and the formation of Tc(?7) peroxosulfate complexes is then not excluded; further experiments (e.g., EXAFS measurement on solid frozen solutions, 17-O NMR) will need to be performed to confirm this hypothesis. , the solution remained colorless while an intense red color was observed after addition in 6.5 M H 2 SO 4 (solution B). The solutions were transferred into the Teflon inserts; the inserts were closed with a Teflon cap and placed in the 5 mm glass tubes which were capped with a rubber septum. In order to minimize pressure build up in the NMR tube due to gas formation, measurements were performed at 5°C. Measurement of 99-Tc spectra (shift and linewidth) provides information on the oxidation state of the Tc atoms and on the structure of the molecules [11] . Highly symmetric diamagnetic molecules (i.e., TcO 4 -) exhibit sharp lines while low symmetry molecules (i.e., distorted octahedral) exhibit broad lines. The 99-Tc NMR spectrum of the solution A [ Fig. 5(1) ] exhibits a narrow signal (linewidth = 1.25 ppm) centered at -7.5 ppm -; this signal is consistent with the presence of TcO 4 -and indicates that no reaction occurred between TcO 4
-and H 2 O 2 under these conditions.
The 99-Tc NMR spectra of the solution B (Fig. 5 ) exhibits a broad signal (linewidth = 10 ppm) centered at ?5.5 ppm. The signal is consistent with the presence of Tc(?7) species with a lower symmetry than TcO 4 -. These results confirm that the peroxidation of TcO 4 -in 6.5 M H 2 SO 4 /4.9 M H 2 O 2 solutions is accompanied by a change of symmetry of the molecule.
Conclusion
In summary, the reaction of Tc( ?7) 
